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ABSTRACT

Currently, the overall incidence and risk of infections with epidermal growth
factor receptor (EGFR)-tyrosine kinase inhibitors (TKIs) in non-small-cell lung
cancer (NSCLC) patients remained undetermined. We searched Pubmed for related
articles published from 1 January 1990 to 31 November 2015. Eligible studies
included prospective randomized controlled trials (RCTs) evaluating therapy with
or without EGFR-TKIs in patients with NSCLC. Data on infections were extracted.
Pooled incidence, Peto odds ratio (Peto OR), and 95% confidence intervals (CIs)
were calculated. A total of 17,420 patients from 25 RCTs were included. The use of
EGFR-TKIs significantly increased the risk of developing all-grade infections (Peto OR
1.48, 95%CI: 1.12-1.96, p = 0.006) in NSCLC patients, but not for severe (Peto OR
1.26, 95%¢CI: 0.96-1.67, p = 0.098) and fatal infections (Peto OR 0.81, 95%CI: 0.43-
1.53, p = 0.52). Meta-regression indicated the risk of infections tended to increase
with the treatment duration of EGFR-TKIs. No publication of bias was detected. In
conclusion, the use of EGFR-TKIs significantly increased the risk of developing all-
grade infectious events in NSCLC patients, but not for severe and fatal infections.
Clinicians should be aware of the risks of infections with the administration of these
drugs in these patients.

INTRODUCTION agents, gefitinib, erlotinib and afatinib have been approved
for use in EGFR mutation-positive NSCLC patients [9,
10]. Although EGFR-TKIs are generally well tolerated,
a pattern of adverse events such as skin rash, diarrhea,
thromboembolic events and interstitial lung disease have
been reported [11-15], which is different from traditional
cytotoxic agents. Infections have been reported with
anti-EGFR agents. In 2014, Qi et al. performed a meta-
analysis and found a significantly increased risk of severe
infectious events associated with the use of anti-EGFR

Lung cancer is one of the most common
malignancies and the most frequent cause of cancer-
related mortality worldwide [1]. Despite the significant
improvement in chemotherapy regimen for the treatment
of advanced non-small-cell lung cancer (NSCLC), the
5-year survival for these patients remains relative poor [2,
3]. Thus, novel agents are urgently needed to improve the
prognosis of these patients.

The epidermal growth factor receptor (EGFR) is a
member of the HER family of receptor tyrosine kinases
which plays a critical role in regulating the development
and progression of many solid tumors including NSCLC
[4-6]. Thus, EGFR and its related signal pathway have
been regarded as attractive therapeutic targets in the
treatment of NSCLC [7, 8]. Currently, three anti-EGFR

mono-clonal antibodies cetuximab and panitumumab
in cancer patients (RR 1.34, p = 0.003) [16] . However,
whether EGFR-TKIs increase the risk of infections in
NSCLC remains unknown. We thus perform this meta-
analysis and systematic review of available randomized
controlled trials to determine the overall incidence and risk

of infections in NSCLC patients treated with these drugs.
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Table 1: baseline characteristics of 25 trials Included in the Meta-analysis (7=17,420)

Median
. EGFR- Median . Patients Reported
Studies Treatment Em:olled Treatment arms Median age TKIs PFS/TTP Median OS for .Sever.e infectious
strategy patients (n) (years) duration (months) (months) analysis infections events
(months)
Herbst R.S. et al 2004 | .. .. Gefitinib 500mg/d
(INTACT-2) First-line 1037 plus PC 62 99 days 4.6 8.7 342 NR
Gefitinib 250mg/d Pneumonia,
plus PC e 61 129 days |53 9.8 342 NR sepsis
Placebo plus PC 63 138 days 5.0 9.9 341 NR
Giaccone G. et al| .. - Gefitinib 500mg/d
2004 (INTACT-1) First-line 1093 plus GD 61 97d 5.5 9.9 358 NR
Gefitlab 250mg/d ) 59 150d 58 9.9 362 NR Pneumonia
plus
Placebo plus GD | 61 159d 6.0 10.9 355 NR
— Febrile
Herbst R.S. et al 2005 | .. . .. Erlotinib 150mg/d :
First-line 1059 62.7 4.6m 5.1 10.6 526 15 neutropenia,
(TRIBUTE) plus PC Pneumonias,
sepsis, septic
Placebo plus PC | 62.6 5.3m 4.9 10.5 533 7 shock
Shepherd F.A. et al | Salvage L
2005 treatment 731 Erlotinib 150mg/d | 62 NR 22 6.7 485 2 Infection,
pneumonitis
Placebo 59 NR 1.8 4.7 242 5
Thatcher N. et al 2007 | Salvage 1692 Gefitinib - 250mg | 5, 29 3.0 56 1126 30
treatment plus BSC .
Placebo ~ 250mg Pneumonia
plus BSC 61 2.7 2.6 5.1 562 15
Galzemeier U. et al | . .. Erlotinib 150mg/d Neutropenia/
2007 First-line 1172 plus GD 60.0 NR 23.7 weeks | 43 weeks 579 NR febrile
neutropenia/
" :
Placebo plus GD | 59.1 NR 24.6 weeks | 44.1 weeks | 580 NR sepsis.
Kelly K. et al 2008 . ..
(SWOG $0023) Maintenance | 243 Gefitinib 250mg/d | 62 NR 8.3 23 118 3 Preumonitis
Placebo 61 NR 11.7 35 125 0
Kim E.S. et al 2008 ; .
(INTEREST) Second-line | 1433 Gefitinib 250mg/d | 61 44 22 7.6 729 23 Lung
infections
Docetaxel 60 3.0 2.7 8.0 715 25
Erlotinib ~ 150mg
EsaAp%uUZli%];%?g%g%? Maintenance | 1949 qd po 60 NR 12.3weeks | 12 433 4 Infections
Placebo 60 NR 11.1weeks | 11 445 0
Lee D.H. et al 2010 . .
(ISTANA) Second-line | 161 Gefitinib 250 mg/d | 57 NR 33 NR 81 NR Pneumonia,
septic shock
Docetaxel 58 NR 34 NR 76 NR
%‘}%mondo M. et al oot line 230 Gefitinib 250mg/d | 63.9 308 days 10.8 30.5 114 3
Pneumonia
PC 62.6 84 days 5.4 23.6 114 0
Gaafar R.M. et
al/2011 (EORTC | Maintenance | 173 Gefitinib 250mg/d | 61 115d 4.1 10.9 85 1
08021) Infections
Placebo 62 85d 23 9.4 86 1
Natale R.B. et al 2011 | Second-line | 1240 Erlotinib 150 mg/d | 61 8.6 weeks 2.0 7.8 614 NR
Pneumonia,
respiratory
; tract infection
Vandetanib
300mg/d 61 9.1 weeks 2.6 6.9 623 NR
(Zgg%lﬁ-Aﬁt) al 2011 f gyt Jine 165 Erlotinib 150mg/d | 57 55.5 weeks | 13.1 NR 83 1 A
— Infection
Gemeitabine plus | 5 104 weeks | 4.6 NR 72 0
carboplatin ) .
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Ciuleanu T. et al 2012 . .
Second-line | 424 Erlotinib 150mg/d | 59 NR 6.3 weeks 53 196 1
(TITAN) g Infections
Chemotherapy 59 NR 8.6 weeks | 5.5 213 1
Lee S.M. et al 2012 ... - ..
(TOPICAL) First-line 670 Erlotinib 150mg/d | 77 NR 2.8 3.7 334 5 Preumonia
Placebo 77 NR 2.6 3.6 313 1
Perol M. et al. 2012 i\]f:ri:;;“a““ 464 Observation 59.8 10.9 weeks | 1.9 10.8 155 0
Gemcitabine 57.9 12 weeks | 3.8 152 154 2 Infections
Erlotinib 150mg/d | 56.4 12.1 weeks | 2.9 114 155 4
Rosell R. et al 2012 ;.. - ..
First-line 174 Erlotinib 150mg/d | 65 8.2 9.7 19.3 84 1
(EURTAC) & Pneumonitis
Chemotherapy 65 2.8 52 19.5 82 1
Sun J.M. et al 2012 . .
(KCSG-LU08-01) Second-line Gefitinib 250mg/d | 58 NR 9.0 222 68 1 Infections
Pemetrexed 64 NR 3.0 18.9 67 2
Goss G.D. et al/2013 . .. Infection,
(NCIC CTG BR 19) Adjuvant 503 Gefitinib 150mg/d | 66 NR 4.2y 5.1y 251 7 pneumonitis
Placebo 67 NR NR NR 252 3
Johson B.E. et al 2013 . Erlotinib  150mg/ .
(ATLAS) Maintenance | 1145 d+ bevacizumab 64 72d 4.76 14.39 368 17 Infection
Placebo 64 64d 3.71 1331 367 18
+bevacizumab
%ﬁa(%g&g et all Second-line | 301 Erlotinib 68 NR 2.0 148 150 2 Pneumonitis
Docetaxel 67 NR 32 12.2 150 3
LiN.etal 2014 Second-line | 123 Erlotinib 150mg/d | 54.3 NR 4.1 11.7 61 0 Infection
Pemetrexed 55.1 NR 39 13.4 62 0
}ff%lfme; al 2015 A givvant [ 973 Erlotinib 150mg/d | 62 NR 46.4 NR 611 8 Preumonia
Placebo 61 NR 28.5 NR 343 2
. Gefitinib  150mg/
Soria et A 2015 | second-tine | 265 d+  Pemetrexed | 60 152.5d 54 14.8 133 NR
( ) +cisplatin
Placebor Pneumonia
acebo
Pemetrexed 58 161.5d 5.4 17.2 132 NR
+cisplatin

Abbreviation: TXT, docetaxel; NA, not reported; PC, paclitaxel plus carboplatin; GP, gemcitabine plus cisplatin; BSC, best

support care; GD, gemcitabine plus cisplatin; NR, not reported;

RESULTS

Search results

We identified a total of 362 related studies through
the database search, and retrieved 52 full-text studies
for evaluation. The reasons for study exclusion were
illustrated in Figure 1. As a result, 25 RCTs with 13,436
patients were included for the present study [17-41]. The
baseline characteristics of each trial were presented in
Table 1. For the indications of the included studies, there
were eight trials in first-line settings, two trials in adjuvant
settings, and fifteen trials in the subsequent lines of
treatment (maintenance or second line, Table 1). An open
assessment of the included trials was carried out by using
Jadad scale, and fourteen trials were placebo-controlled,
double-blinded randomized trials with Jadad score of 5,
and eleven trials had Jadad scores of 3.

Overall incidence of infections

For the all-grade infectious incidence, a total of
6,593 patients were included for analysis. The pooled
incidence was 7.0% (95%CI: 4.7-10.3%). For high-grade
infections, a total of 5,977 patients were included for
analysis yielding a pooled incidence 2.1% (95%CI: 1.7-
2.8%). Additionally, 4,077 patients were included for fatal
infections analysis. There was a total of 18 fatal infections
reported yielding a pooled incidence of 0.7% (95%CI:
0.4% to 1.0%).

Peto Odds ratio of infections

In order to determine the specific contribution of
EGFR-TKIs to the development of infections, a meta-
analysis of the Peto OR of infections was performed. Our
results showed that the Peto OR of all-grade infections
was 1.48 (95%CI: 1.12-1.96, p = 0.006, Figure 2A), while
the Peto OR of high-grade infections was 1.26 (95%CI:
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0.96-1.67, p = 0.098, Figure 2B). Thus, the use of EGFR-
TKIs in NSCLC patients had an increased risk of all-
grade infections, but not for high-grade infections. Severe
infections could be potentially life-threatening adverse
events. There were 18 fatal infections events occurred in
the EGFR-TKIs and 21 fatal infections events occurred
in control arms, yielding a Peto OR 0.81 (95%CI: 0.43-
1.53, p = 0.52, Figure 2C). No significant heterogeneity
was found during the Peto OR analysis (Q = 6.64; P =
0.88; P = 0%). In addition, we conducted sub-group
analysis based on treatment regimens, and demonstrated
that the addition of EGFR-TKIs to chemotherapy had a
tendency to increase the risk of infections in comparison
with chemotherapy alone (Peto OR 1.24, 95%CI: 0.75-
3.05, p = 0.39). Similarly, the use of EGFR-TKIs alone
had a tendency to increase the risk of all-grade infections
when compared to placebo (Peto OR 2.24, 95%CI: 0.27-
18.53, p = 0.45) or chemotherapy alone (Peto OR 1.93,
95%CI: 0.88-4.26, p = 0.10). Finally, we carried out a
meta-regression analysis to investigate the association
between Peto OR of all-grade infections and the length of
EGFR-TKIs treatment. The results showed that the longer

Potentially relevant records identified
through database searching (362)

EGFR-TKIs treatment, and the higher risk of infections
with EGFR-TKISs, but this relationship was not statistically
significant (P = 0.26, Figure 3).

Risk of specific infections

We performed analysis to analyze the risk of all-
grade infections based on specific type of infection. There
was an increased risk of developing EGFR-TKIs-related
infections (Peto OR 1.34, 95%CI: 1.08-1.66, p = 0.008)
and febrile neutropenia (Peto OR 2.48, 95%CI: 1.31-4.69,
p = 0.005), but not for pneumonia (Peto OR 0.97, 95%CI:
0.73-1.29, p = 0.82).

Publication bias

Egger’s test and Begg’s test was used to detect
publication bias. There was no evidence of publication
bias for the primary endpoint of this meta-analysis (Peto
OR of all-grade infections; Begg’s test p = 0.12; Egger’s
test p = 0.06).

Excluded (n=310)

Duplicated reports;

Basic researches;

Phase I trials and single arm II trials;
Methodologic trial description
Review articles;

Case reports;

v

A 4

Full text articles assessed for
eligibility (n=52)

Trials excluded (n=27):
Both treatment regimens contains
EGFR-TKIs (n=14);
No available toxicity data of infections
in NSCLC patients (n=13)

A 4

Eligible trials for meta-analysis
(n=25)

Figure 1: Studies eligible for inclusion in the meta-analysis
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DISCUSSION

The introduction of novel targeted agents into
the treatment of cancer has led to improve overall
survival of many solid tumors. However, infection is an
emerging complication with these drugs, and concerns
have arisen regarding the potential risk of developing
infections associated with targeted agents. Rafailidis
et al [42] conducted the first systematic review in 2007
and demonstrated that there was an increased risk
of developing monoclonal antibodies related severe
infections but not for fatal adverse events. In consistent
with previous results, two later meta-analyses also
showed that EGFR-monoclonal antibodies significantly
increased the risk of developing severe infections but
not for fatal adverse events [16, 43]. Recently, Qi et al.
performed another meta-analysis and showed that there
was an increased risk of developing all-grade (RR 1.45, p
< 0.001) and high-grade (RR 1.59, p < 0.001) infectious
events in cancer patients treated with bevacizumab [44].

However, whether the use of EGFR-TKIs would increase
the risk of infections in NSCLC remains undetermined.

A total of 17,420 NSCLC patients from 25 RCTs
is included for analysis. As far as we known, our study
is the first large meta-analysis to show a significantly
increased risk of developing EGFR-TKISs related infection
(Peto OR 1.48, p = 0.006) in NSCLC patients, but not
for high-grade and fatal infectious events. Moreover,
we perform a meta-regression analysis to assess the
relationship between EGFR-TKIs treatment duration and
risk of infections. The result shows that the peto OR of
all-grade infections tends to be increased with EGFR-TKIs
treatment duration, but it is not statistically significant (p =
0.26). As a result, clinicians should pay more attention to
the risk of infections during the administration of EGFR-
TKIs. Moreover, clinicians should treat NSCLC patients
with any active infection before the initiation of EGFR-
TKIs treatment.

Multiple mechanisms might involve in the
development of infection. Basic research conducted by

Stu name Statisticsfor each study Events/ Total Peto oddsmatio and 95% CI
Peto Lower Upper /[ ‘
odds ratio limi limit Z-Value p-Value Group-A Group8
Herbs R.S. et al 2004 AINTACT-2) 0.978 0.612 1.562 -0.093 0.9286 57/ 684 297341
Giaccone G. et al 2004 INT ACT-1) 0.985 0.542 1.791 -0.048 0.9862 347720 17 /1 355
Herbs R.S. et al 2005 (TRIBUTE) 2.284 1.142 4.568 2.337 0.018 237526 10 7 533 —_—
Shepherd F.A. et al 2005 o0.788 0.440 1.412 -0.801 0.423 34/ 485 21 7242 -
Thatcher N. et al 2007 0.784 0484 1.269 -0.991 0.322 4871126 30/ 562
Kim E.S. et al 2008 ANTEREST) 0.935 0.6623 1.317 -0.386 0.700 717729 7471715
Cappuzzo F.et al/2010 (SATURN:BO 18192) 68.761 3.005 15.212 4619 0.000 237433 17 445 .
Maemondo M. et al 2010 7.730 1.532 38.8889 2.477 0.013 8/114 0o/s114
Zhou C. et al 2011 (OPTIMAL) 1.833 0.731 4.597 1.292 0.198 14783 7172
Ciuleanu T. et al 2012 (TITAN) 1.475 0.612 3.548 0.867 0.386 1271986 97213 .3
Perol M. et al. 2012 3.442 0.978 12.110 1.9286 0.054 87155 27155
Rosell R. et al 2012 (EURT AC) 0.976 0.081 15.740 -0.017 0.9886 1784 1782
Sun JM. et al 2012 (KCS G-LU0S-01) 2789 0.957 8.128 1.880 0060 11/68 4767
Johson B.E. et al 2013 (ATLAS) 1.288  0.933 1.777 1.539 0.124 1127368 93 /367 -
Kawaguchi T. et al 2014 (DELTA) 1.266 0.489 3.277 0.485 0.827 107 150 87150 -
Li N. et al 2014 2.835 0.380 20.826 1.029 0.303 3781 17862
Kelly. K. et al 2015 (RADIANT) 1.8897 0.7886 3.664 1.346 0.178 2278611 7 7343 -
1.483  1.122  1.960 2769 0.006 489/6593 314/ 4818 e |
0.1 0.2 0.5 1 2 5 10
Favours EGF R-TKIs Favours controls
Study name Statistics for each study Events / Total Peto oddsratico and 95% CI B
Peto Lower Upper
odds ratio limit limit Z-value p-Value Group-A Group-B
Herbst R.S. etal 2005 (TRIBUTE) 2.129 o215 aes2 1.754 c.o07es 15/526 7822 4
Shepherd F.A. et al 2005 0.177 0.027 o0.ss58 -2.150 0.022 27485 57242
Thatcher N. et al 2007 o.ses o.s33  1.871 -0.00e 0995 =20/1128 15/562
Kelly K. et al 2008 (SWOG S0023) 7.976 0.821 77.479 1.790 o072 27118 07125
Kim E.S. et al 2008 (INTEREST) o0.899 0.508 1.599 -0.282 o 237729 257715 +
Cappuzzo Fetal/2010 (SATURN:BO18192) 7.650 1.074 54.499 2.021 0.042 47422 0 s 445
Maemondo M. et al 2010 7.522 0775 72028 1.740 o082 =2s/114 os114
Gaafar R.M. et al’2011 (ECRTC 08021) 1.012 o.082 1€.211 ©.c0s8 0.992 1785 17886
Zhou C. et al 2011 (OPTIMAL) e.472 0.127 229.411 0.921 0.252 1783 0/s72
Ciuleanu T.etal 2012 (TITAN) 1.087 o.0es 17.481 0.059 0.952 171986 17212
Lee S.M. etal 2012 (TOPICAL) 2.595 0.721 17.940 1.5e0 0119  s5s324 1/312
Perol M. etal 2012 7.525 1.051 54009 2010 0044 4s158 os1ss
Rosell R. et al 2012 (EURTAC) o.97e o.081 15.740 -0.017 o0.ss8e 1784 1782
Sun J.M. et al 2012 (KCSG-LU0S8-01) 0.501 0.051 4.898 -0.595 0.552 1/es8 2s67
Goss G.D. et sl/2012 (NCIC CTG BR 19) 2.267 0.€49 7.o21 1.282 0.200 772851 37282
Johson B.E. etal 2012 (ATLAS) 0929 0477 1.851 -0.181 o.sse 17/288 187367 — =
Kawaguchi T. et al 2014 (DELTA) o.ee7 0114 3.894 -0.450 cesz 2s1s50 27150 1
Kelly. K. etal 2015 (RADIANT) 2012 0.550 7.2868 1.058 o.291 ss811 27342
1.2e3 o.9s8 1.e67 1.654 0.098 128 /5916 84/ 4836 l’
0.1 0.2 0.5 1 2 5 10
Favours EGFR-TKIs Fawvours controls
Study name Statistics for each study Events / Total Peto odds ratic and 95% ClI ( :
Peto Lower Upper
odds ratio limit limit Z-Value p-Value Group-A Group-B
Herbst R.S. et al 2004 (INTACT-2) 0.049 0.001 2.170 -1.416 0.157 0/684 17341
Herbst R.S. et al 2005 (TRIBUTE) 3.869 0.778 19.243 1.653 0.0e8 57526 17533
Shepherd F.A. et al 2005 0.471 0.025 8.920 -0.502 0.616 17485 17242
Galzemeier U. et al 2007 7.428 0.771 71.544 1.735 0.082 23/579 0 /580
Lee D.H. et al 2010 (ISTANA) 0.927 0.129 8.787 -0.084 0.249 2781 2/76
Natsle R.B. et al 2011 0.475 0.177 1.273 -1.480 0.139 5/614 11/623 L
Perol M. et al. 2012 0.124 0.008 2.159 -1.417 0.1657 07155 27155
Goss G.D. et al/2012 (NCICCTG BR 19) 1.004 0.082 18.096 0.002 0.998 172851 17252
Johson B.E. et al 2012 (ATLAS) 0.135 0.002 6.802 -1.001 0.317 o0/368 17367
Soria J.C. et al 2015 (IMPRESS) 0.992 0.062 15.951 -0.005 0.998 171323 17132
0.812  0.421 1521  -0.842 0.521 1872876 21/3201 e R
0.1 0.2 0.5 1 2 5 10

Favours EGFR-TKIs Favours controls

Figure 2: Risk of infections associated with EGFR-TKIs treatment compared with placebo treatment: A. all-grade

infections, B. high-grade infections, C. fatal infections.
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Lewkowicz et al [45] found TNF-a induced respiratory
burst and phagocytic activity could be enhances by
EGFR and its signal pathway. A recent study conducted
by Li et al also demonstrated that EGFR play a critical
role in the process of Tamm-Horsfall glycoprotein-
enhanced neutrophil phagocytosis, and this effect could
be suppressed by EGFR inhibitor [46]. However, more
high-quality research are still recommended to determine
the mechanisms of EGFR-TKIs associated infections.

Several limitations need to be mentioned in the
present study. Firstly, as our study is a retrospective
analysis of published studies, the baseline characteristics
of each studies, such as dosage of EGFR-TKIs, periods
of study conduct, and treatment regimens, might
be potentially different, which might increase the
heterogeneity among included studies. Second, we could
not get individual patient data from each published studies,
thus we could not perform a comprehensive analysis by
adjusting baseline factors that existed between included
trials.

CONCLUSIONS

In conclusion, our study has demonstrated that
treatment with EGFR-TKIs in advanced NSCLC is
associated with an increased risk of all-grade infections,
but not for high-grade and fatal infections. Clinicians
should be aware of these risks and provide regular follow-
up for these toxicities.

MATERIALS AND METHODS

Data sources

We performed this systematic review adhering to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statements [47]. Our study
was a meta-analysis of published data, and all of these
included trials had been approved by the ethics committee,
thus the ethical approval in our study was waved. To
identify studies for inclusion in this study, we did a broad
search of four databases, including Embase, Medline, the
Cochrane Central Register of Controlled Trials, and the
Cochrane Database of Systematic Reviews, from the date
of inception of every database to December 2015. Key
words were “erlotinib”, “gefitinib”, “non-small-cell lung
cancer”, “lung carcinoma”, “lung neoplasm”, “randomized
controlled trial” and “infections”. The search was limited
to prospective randomized clinical trials published in
English. Each publication was reviewed and in cases of
duplicate publications only the most complete, recent,
and updated report of the clinical trial was included in the
meta-analysis.

Study selection

To be included for analysis in our systematic review
and meta-analysis, the trials had to meet all the following
criteria: 1) patients with pathologically confirmed non-

Regression of times on Log Peto odds ratio

3.00

2.66 -
232 -
1.98 -
1.64
1.30 -
0.96 -

Log Peto odds ratio

-0.06

0.62 -
0.28

-0.40

40.40 78.32 116.24 154.16

192.08

230.00

267.92 305.84 343.76 381.68 419.60

times

Figure 3: Meta-regression analysis of trends between treatment duration and relative risk of infections: symbols: each
study is represented by a circle the diameter of which is proportional to its statistical weight.
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small-cell lung cancer; 2) trials comparing therapy with
or without EGFR-TKIs (erlotinib and gefitinib); 3) the
included study had sufficient data for extraction. We
assessed the quality of reports of clinical trials by using
the 5-item Jadad scale including randomization, double-
blinding, and withdrawals as previously described [48,
49].

Data extraction and clinical end point

Two independent investigators reviewed the titles
and abstracts of potentially relevant studies. We retrieved
the full text of relevant studies for further review by the
same two reviewers. A third senior investigator resolved
any discrepancies between reviewers. If reviewers
suspected an overlap of cohorts in a report, they contacted
the corresponding author for clarification; we excluded
studies with a clear overlap. We extracted the following
data: first author’s name, year of publication, number of
enrolled subjects, treatment regimens, number of patients
in treatment and controlled groups, median age, median
treatment duration, median progression-free survival,
median overall survival and adverse outcomes of interest
(infections). The following adverse outcomes were
considered as infectious events and were included in the
analyses: Infections (not specified), febrile neutropenia,
sepsis, septic shock, lung infection, respiratory tract
infection and pneumonia. Adverse events of severe
infections (>grade 3), as assessed and recorded according
to the National Cancer Institute’s common terminology
criteria (NCI-CTC, version 2 or 3; http://ctep.cancer.gov),
were extracted for analysis, which has been widely used
in cancer clinical trials.

Statistical analysis

Statistical analysis of the overall incidence and
relative risk for all-grade, high-grade and fatal infections
was calculated using comprehensive meta-analysis
software version 2.0(Biostat, Englewood, NJ, USA).
We used the Peto method to calculate ORs and 95% Cls
because this method provided the best confidence interval
coverage and was more powerful and relatively less biased
than the fixed or random effects analysis when dealing
with low event rates [50]. To calculate peto odds ratio
(OR), patients assigned to EGFR-TKIs were compared
only with those assigned to control treatment in the
same trial. Additionally, to test whether effect sizes were
moderated by differences in length of treatment, we carried
out meta-regressions with difference in median length of
experimental treatments (expressed in days) as predictor
and relative risk as dependent variable. Between-study
heterogeneity was estimated using the y>-based Q statistic
[51]. Heterogeneity was considered statistically significant
when P < 0.1. If heterogeneity existed, data was

heterogeneity

analyzed using a random effects model according to the
method of DerSimonian and Laird [52]. In the absence
of heterogeneity, the pooled estimate calculated on the
basis of the fixed-effects model was reported using an
inverse variance method. A statistical test with a p-value
less than 0.05 was considered significant. The presence
of publication bias was evaluated by using the Begg and
Egger tests [53].
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